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ABSTRACT 

Purpose - Argumentative practices are central to science education, 
and have recently been emphasised to promote students’ reasoning 
skills and to develop student’s understanding of scientific concepts. 
This study examines the mastery of scientific argumentation, based 
on the concept of neutralisation, among secondary level science 
students, when engaged in individual and group argumentations. 

Methodology - 356 form four science students were first randomly 
assigned to an argumentative condition, after their lesson on 
acids and bases, presented using the developed instructional 
materials. Each individual or group was then asked to answer an 
Open-ended Scientific Argumentation Test (OSAT). Discussions 
during group argumentations were observed and recorded. All 
the answers provided in the OSAT were then analysed based on 
their accuracy, the triplet relationship in chemistry and for the 
presence of argumentation elements. Observations from the group 
argumentations were transcribed and assessed. 

Findings - The results show that in both argumentative conditions, 
most of the arguments constructed tend to consist of the elements of 
claim and evidence. The results also show that students who work in 
groups outperform students who work individually. As individuals, 
most of the arguments presented tend to be simple with reasoning 
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at a macro-level. As groups, the arguments presented are more 
complex, where justifications are provided at the sub-micro and 
symbolic levels, and with fewer misconceptions. That is because 
group argumentation participants have the opportunity to share 
ideas, detect and correct each other’s mistakes, seek explanations 
and explain ideas. 

Significance - The study implies that group argumentation enhances 
students’ argumentation and reasoning skills and improves their 
mastery of scientific concepts. In addition, this study also investigates 
students’ performance from the Malaysian perspective. 

Keywords: Misconceptions, neutralisation, scientific argumentation, 
triplet relationship. 


INTRODUCTION 

Scientific argumentation is a formal argumentation that is evidence- 
based (Schen, 2007) and involves a coordination of data, claim and 
evidence to generate valid knowledge (Chen, 2011; Driver, Newton & 
Osborne, 2000). Nowadays, scientific argumentation is emphasised 
in science education due to its ability to promote students’ reasoning 
skills and enhance their mastery of content knowledge. In Malaysia, 
scientific argumentation is emphasised through the adoption of 
reasoning skills in the Kurikulum Standard Sekolah Rendah (KSSR, 
2011). Unfortunately, previous studies have shown that students 
from various academic levels have difficulty constructing scientific 
arguments that enhance their understanding of scientific knowledge 
(Heng, Johari, & Yazid, 2012; Heng, Johari, & Seng, 2015) and have 
problems mastering scientific argumentation (Dawson & Venville, 
2009; Heng, Johari, & Seng, 2014; Heng et al., 2012; Nurul Aini, 
Zaidatun, & Nurbiha, 2009; Zohar & Nemet, 2002). Studies have 
also shown that students are given little opportunity to be involved 
in scientific argumentation in science classes (Heng & Johari, 2013; 
Newton, Driver, & Osborne, 1999; Simon, Erduran, & Osborne, 2006). 

In addition, most studies in the literature have used Toulmin’s 
Argumentation Pattern (TAP) (Toulmin, Rieke, & Janik, 1979) to 
assess the arguments constructed by students (Driver et ah, 2000; 
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Heng et al., 2014; Heng et al., 2012; Dawson & Venville, 2009; Bell & 
Linn, 2000; Erduran, Simon, & Osborne, 2004; Evagorou, Jimenez- 
Aleixandre, & Osborne, 2012; Jimenez-Aleixandre, 2007; Osborne, 
Erduran, & Simon, 2004). However, the TAP does not emphasise 
on the accuracy of the argument from a scientific perspective and 
has difficulty differentiating between the different argumentative 
elements: claim, data, warrant and backing (Driver et al., 2000). 
Hence, in this study, we propose a new argumentation framework 
that adopts three argumentative elements: claim, evidence and 
reasoning from McNeill and Pimentel’s argumentation framework 
(McNeill & Pimentel, 2010); and the fourth element, rebuttal from 
the TAP (Toulmin et al., 1979). The rebuttal element from the TAP 
is introduced in this study because it is seen as a quality indicator 
and represents higher cognitive skills among students (Clark & 
Sampson, 2008; Erduran, 2007; Foong & Daniel, 2013; Osborne 
et al., 2004; von Aufschnaiter, Erduran, Osborne & Simon, 2008). 
The proposed argumentation framework is depicted in Figure 1, 
where the elements are defined as follows: a claim is a statement 
that answers a question or problem; an evidence is scientific 
data that supports the claim; reasoning provides a justification for 
why or how the evidence supports the claim; and a rebuttal is a 
statement that specifies the conditions under which the claim will 
not be true. 



Using the proposed framework, students’ arguments were then 
assessed based on the accuracy, the triplet relationship in chemistry 
and for the presence of argumentation elements. Accuracy is 
emphasised in this study, since it plays an important role in the 
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learning and understanding process. Further, the existence of 
misconceptions in the construction of scientific arguments acts as a 
barrier to learning (Cetingul & Geban, 2005; Fleng & Johari, 2014). 
The triplet relationship in chemistry, namely the macro-, the sub¬ 
micro and the symbolic representations (Gilbert & Treagust, 2009; 
Johnstone, 1991) are also considered in this study. Often, students 
would perceive chemistry as a difficult and dull subject (Tsaparlis, 
Kolioulis & Pappa, 2010) due to their lack of understanding among 
the three levels of representations (Johnstone, 1991). Therefore, 
students have to understand the link between the macro-, the 
sub-micro and the symbolic levels to learn, understand and grasp 
chemistry concepts (Beall, Trimbur, & Weininger, 1994). Bucat 
and Mocerino (2009) and Johnstone (2000) also suggested that the 
sub-micro level should be knitted into the observable macro- and 
symbolic levels to enhance the understanding of chemistry concepts. 
Moreover, few studies have explicitly compared individual and 
group performance in scientific argumentation (Sampson & Clark, 
2009). Thus, this study examines students’ mastery in scientific 
argumentation in both individual and group argumentation 
conditions. More specifically, we examine the mastery of scientific 
argumentation on the concept of neutralisation among Malaysian 
secondary level science students. 


METHODOLOGY 


Research Design 

The study combines both qualitative and quantitative descriptive 
research. The quantitative component focuses on the mastery of 
scientific argumentation; while the qualitative component involves 
detailed analyses of the written tests and transcripts of observations 
during group argumentations, which support the quantitative data. 

Participants 

356 form four science students from five different schools 
participated in this study. Students in these five schools were taught 
by five different teachers, but using the same curriculum and the 
same developed instructional materials. At the end of the lessons, 
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students’ mastery of scientific argumentation was assessed using 
an open-ended test. All the participants were randomly divided 
into two groups to answer the test. 176 participants were involved 
in individual argumentation, answering the test without any 
discussion; while 45 groups of four participants (45 x 4 = 180) were 
group argumentation. Students’ performance in both argumentative 
conditions was then compared, similar to the study conducted by 
Laughlin, Hatch, Silver and Boh (2006). 

Instrument 

To assess students’ mastery of scientific argumentation when 
engaged in individual and group argumentations, participants 
were asked to complete an Open-ended Scientific Argumentation 
Test (OSAT) related to the concept of neutralisation. The OSAT 
was developed according to the syllabus and adapted from the 
Argumentation Instrument proposed by Sampson and Clark (2011). 
The OSAT has an introduction, which provides some information 
about the phenomenon being studied, followed by a diagram to assist 
students in answering questions related to scientific argumentation. 
The information provided in the OSAT is intended to help students 
engage in argumentative activities (von Aufschnaiter et al., 2008). 
In order to establish validity and reliability, the instrument was 
verified by two senior lecturers and a pilot study conducted. The 
Alpha-Cronbach value obtained from the pilot study was 0.892. 

Data Collection and Analyses 

After seven lessons on acids and bases, participants were randomly 
assigned to one of two argumentation conditions to answer the 
OSAT within an allocated time. Students involved in individual 
argumentation worked alone, whereas students involved in group 
argumentation worked in groups of four. The discussions during 
group argumentations were observed and recorded. The students’ 
mastery of scientific argumentation was then assessed based on the 
accuracy, the triplet relationship in chemistry and the argumentation 
elements used in the constructed arguments. 

Students’ arguments in OSAT were first examined to identify the 
presence of misconceptions. If the arguments consisted of any 
misconceptions, the arguments were classified as non-scientific. 
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On the other hand, any arguments with the correct concepts and 
with no misconceptions were classified as scientific. The same 
argument was also re-examined using content analysis technique 
(Corbin & Strauss, 2008) to gather detailed information related to 
the argumentation elements and the three levels of representations 
in chemistry. The number of scientific and non-scientific arguments 
and the number of argumentation elements used by students in 
both individual and group argumentations were then counted and 
presented as a percentage. 

Instructional Materials 

Instructional materials related to the concepts of neutralisation 
were developed based on the proposed argumentation framework. 
The concept of neutralisation was chosen because the Malaysian 
chemistry syllabus places great emphasis on it. The instructional 
materials were also designed to embed argumentative activities, 
such as discussing, questioning, evaluating and critising. During the 
lessons, students were required to present a claim for a phenomenon 
related to acids and bases and provide evidences and justifications to 
support their claim. In addition, students were encouraged to debate 
different claims and evidences and provide rebuttals. 


RESULTS AND DISCUSSION 

In this section, the mastery of scientific argumentation between 
students engaged in individual argumentation and group 
argumentation is discussed. 

The Mastery of Scientific Argumentation between Students 
Engaged in Individual Argumentation and Group Argumentation 

Figure 2 shows the percentage of scientific and non-scientific 
arguments constructed by students. It can be observed that 28.41% 
of non-scientific arguments were constructed by students engaged 
in individual argumentation and only 20% were constructed by 
students involved in group argumentation. This shows that students 
possessed some scientific knowledge on the concepts being studied. 
This differs from our previous study which concluded that students’ 
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mastery of scientific argumentation is weak (Heng et al., 2015, Heng 
et al., 2014; Heng, Johari & Seng, 2013). This could be due to the 
instructional materials and lessons presented to the students prior 
to the OSAT, which allowed them to exercise their argumentation 
skills to enhance their content knowledge. This supports Kuhn’s 
contention that argumentation skills are initially present, although 
not fully developed (Zohar & Nemet, 2002). Thus, some guidance 
focusing on argumentation in the context of acids and bases, provided 
students with the opportunity to enhance both content knowledge and 
argumentation skills (Zohar & Nemet, 2002). Besides, involvement 
in argumentative activities during the teaching and learning process 
has a positive impact on students’ understanding and increases their 
academic achievement (Goh, Wong, & Rosma, 2012). 



Figure 2. Percentage of Arguments Constructed by Students 


Figure 2 shows that students in group argumentation performed 
better than students in individual argumentation. This is in line 
with the study conducted by Barron (2000), which concluded that 
groups tend to perform better than individuals on complex tasks or 
tasks involving conceptual issues. Content analyses showed that 
arguments constructed by students in group argumentation consisted 
more justifications and were presented from different perspectives. 
Further, observations of group argumentations showed that students 
tend to explain ideas, combine different ideas, listen to each other’s 
explanations and evaluate the validity of ideas. An example of a 
group argumentation is shown below. Note that all students’ names 
are not their real names and the excerpts have been typed according 
to students’ responses without any alterations to their grammar. 
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Wei Yee: 

Juliana: 

Yusni: 

Alex: 

Yusni: 

Juliana: 

Wei Yee: 

Alex: 

Juliana: 

Yusni: 

Juliana: 


I think solution A will change colour. What do you 
think? 

I think solution A also. 

Why A change colour? 

Because acid is added ... 

Ha.. .Must A? Why? ... Explain la... 

Mmm... because acid will react with alkali. 

Yes, react with alkali, it changes to yellow colour. 

No! This not yet add acid, after adding acid, only it 
will change.. .right? 

Oh! Ya la... 

Change to what colour? Purple or pink? 

Wait! Acid react with alkali, it become neutral, right? 


(Group argumentation 1) 


From the transcript above, it can be observed that students who 
were involved in group argumentation shared ideas, detected and 
corrected other’s mistakes, explained ideas and listened to other’s 
explanations. This process has resulted in a deeper understanding 
of the concepts being studied and further increased the group’s 
performance in scientific argumentation. In addition, it is observed 
that prompts and refutations during discussions allowed students to 
detect and correct mistakes and be aware of their own weaknesses 
in the constructed arguments, similar to the findings by Foong 
and Daniel (2013). This is also in line with several other studies, 
which reported that groups could promote students’ scientific 
argumentation (Erduran, Ardac & Guzel, 2006; McNeill & Martin, 
2011; Schwarz, Neuman, Gil & Ilya, 2003). 

Scientific Argumentation Elements Constructed by Students 
Engaged in Individual Argumentation and Group Argumentation 

Regardless of individual or group argumentation, it can be observed 
from Table 1 that the elements of claim, evidence and reasoning are 
used more frequently in scientific arguments. This shows that most 
students could construct arguments with correct scientific concepts. 
Table 1 also shows that the percentage of the element of claim is the 
highest whereas the percentage of the element of rebuttal is the lowest. 
Eighty percent (80%) of the arguments constructed by students in 
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group argumentation consist of the element of claim, whereas only 
71.59% of the arguments constructed by individual students have the 
element of claim. This indicates that group argumentative activities 
enhance students’ ability to present accurate claims. 

Further analyses on the non-scientific arguments show that there is 
a higher percentage of students who constructed correct claims 
in non-scientific arguments, as shown in Figure 3. This shows that 
students are unable to provide accurate scientific explanation for 
the claims presented although those claims were correct. This may 
be due to the existence of misconceptions or the lack of content 
knowledge about the phenomenon being studied. This finding 
supports the study by Mohd Ali, Salmiza, Zurida and Ahmad 
Nurulazam (2003) which reported that students were unable to 
provide accurate scientific explanation on the answers given even 
though the answers were correct. 

Table 1 

Percentage of Argumentation Elements Constructed by Students 


Elements 

Individual (%) 


Group (%) 


Scientific 

Non- 

Scientific 

No 

Answer 

Scientific 

Non- 

Scientific 

No 

Answer 

Claim 

71.59 

28.41 

0.00 

80.00 

20.00 

0.00 

Evidence 

64.20 

21.02 

14.78 

77.78 

13.33 

8.89 

Reasoning 







Macro- only 

58.52 

21.02 

5.69 

40.00 

11.11 

4.44 

Macro- and sub- 

6.25 

5.11 


22.22 

6.67 


micro 







Macro- and symbolic 

2.27 

0.00 


6.67 

0.00 


Macro-, sub-micro 

1.14 

0.00 


6.67 

2.22 


and symbolic 







Rebuttal 

3.41 

0.57 

96.02 

4.44 

0.00 

95.56 


As for the evidence element, the percentage used is lower than the 
claim element, as evident from Table 1. This is because students tend 
to use their own personal belief when presenting scientific arguments. 
This also shows that students have difficulties in differentiating 
between factual data and opinion. Similar to the findings by Sadler, 
Chambers and Zeidler (2004), students failed to use the appropriate 
data and scientific knowledge to support their claims. 
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Figure 3. Percentage of Claims in Non-Scientific Arguments 
Constructed by Students 


In terms of the reasoning element, Table 1 shows that the element is 
mainly used at the macro-level (58.52% in individual argumentation 
and 40% in group argumentation). This shows that students could 
only construct simple arguments and lacked the ability to provide 
explanations at the sub-micro and symbolic levels, which is in line 
with the conclusions made by Dawson and Venville (2009), Heng 
et al. (2012) and Sia, Treagust and Chandrasegaran (2012). This 
may be due to the low exposure to different levels of representations 
in science classes, causing students to learn chemistry concepts 
at the three levels separately and in a discrete manner (Treagust, 
Chittleborough & Mamiala, 2003). This finding corroborates 
findings by Winnie and Mohammad Yusof (2012), which reported 
that most teachers tend to ask questions at the symbolic or macro¬ 
levels and rarely at the sub-micro level. Besides, Table 1 also shows 
that the percentage for the reasoning element at the sub-micro and 
symbolic levels in group argumentations is higher than that of 
individual argumentations. This shows that collaborations through 
group argumentations, which involve the sharing of ideas, asking 
questions, explaining and listening to each other’s explanations, 
promote a deeper understanding of scientific concepts. These 
findings also corroborate the study by Barron (2000) and Mason 
(1998), which reported that group performance is much better than 
individual performance, especially for complex assignments. This is 
because group argumentations make argument generation a social as 
well as a cognitive activity (Venville & Dawson, 2010). 
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Based on Table 1, about 95% of the arguments constructed did not 
have the element of rebuttal. It is observed that students could not 
provide statements that specify the conditions under which a claim 
will not be true. As a result, most of the arguments presented are 
considered simple, since rebuttal is seen as a quality indicator and 
an indicator for complex arguments (Erduran, 2007; Osborne et al., 
2004; von Aufschnaiter et al., 2008). This result aligns with many 
studies which report that students’ arguments tend to be simple, 
consisting of only one justification with a simple structure (Dawson 
& Venville, 2009; Heng et al., 2012; Osborne et al., 2004; Wu & Tsai, 
2007). This may be caused by the lack of background knowledge 
about the structure of scientific arguments, as the instructional 
materials did not cover the argumentation structure. 


CONCLUSION 

This study shows that form four science students could construct 
arguments with the correct scientific concepts, which is in line with 
the policy introduced by the Ministry of Education, Malaysia where 
thinking habits among students are emphasised through the practice 
of higher order thinking. However, regardless of the argumentation 
condition, the contents of the arguments were mostly constructed at a 
macro-level and were simple in terms of the structure. This indicates 
that students are weak in their understanding of the link between 
the macro-, sub-micro and symbolic levels. In order to ensure a 
better understanding of scientific concepts, science teachers need to 
emphasise on the linkage among the three levels of representations 
in chemistry. In addition, the findings show that students in 
group argumentation outperformed students in individual 
argumentation. This suggests that group argumentative activities, 
such as discussing, questioning, evaluating and criticising improve 
students’ scientific argumentation skills, and thus should be given 
priority in the teaching and learning of science. 

All in all, the teaching and learning of science needs to focus 
on argumentation structures and the criteria for distinguishing 
between good and bad arguments. This will allow students to 
exercise their argumentative skills and hence, improve their 
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mastery of scientific argumentation. This will also nurture the 
students’ reasoning skills and content knowledge, which would 
enhance their academic achievement. 
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